Thank you for submitting your manuscript for consideration by The EMBO Journal. It has been now been evaluated by three referees and I enclose their reports below, as you will see there is interest in the role of Cuff in piRNA cluster expression, but the core conclusion of the study need to be strengthened prior to the referees supporting publication in The EMBO Journal.
All three referees require additional experiments that provide some further insight into the molecular role of cuff in piRNA cluster expression, several of these are key to the conclusions and I outline these below. Among the issues raised, a number of controls are required to substantiate the activity of the Zam reporter in the germline, and the current analysis should be supplemented with a comparison to rhino mutants on silencing. It is important that the manuscript carefully clarifies the distribution and localisation of Cuff in nuage and the nucleus and any evidence if it shuttles between two compartments. Quantitative analysis on its localisation to heterochromatin domains, would also further support the key conclusion of its nuclear localization. The effect of cuff on piRNA expression is also a key experiment and as suggested by referee #1 needs to be strengthened and compared to rhino mutants, including an explanation for the discrepancies between effects on expression of cluster transcripts and piRNA production. The bioinformatic analysis of the effect of cuff of piRNA populations should be represented in a better format and compared to that of rhino and if time permits extended experimentally as suggested by referee #1, although I appreciate that this last point may be beyond the scope of the current manuscript. Importantly as raised by all referees, the interaction between cuff and rhino needs to be strengthened to include reciprocal IPs and comparison with other heterochromatin proteins for specificity, and importantly the link between two proteins needs to be extended by ChIP experiments describing the localization of the two proteins with respect to cluster expression. It is also important to determine the effect of Cuff on the loading of piRNAs into PIWI proteins. I realize that the referees request a significant number of additional experiments, but after careful consideration I believe that they are central to the main conclusions of the study and will strengthen the current study. If you have any further questions please do not hesitate to contact me directly. Given the interest in the study should you be able to address these issues, we would be wiling to consider a revised manuscript.
I should remind you that it is EMBO Journal policy to allow a single round of revision only and that, therefore, acceptance or rejection of the manuscript will depend on the completeness of your responses included in the next, final version of the manuscript. When you submit a revised version to the EMBO Journal, please make sure you upload a letter of response to the referees' comments. Please note that when preparing your letter of response to the referees' comments that this will form part of the Review Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process initiative, please visit our website: http://www.nature.com/emboj/about/process.html Thank you for the opportunity to consider your work for publication. I look forward to your revision.
Yours sincerely, Editor
The EMBO Journal REFEREE REPORTS:
Referee #1:
Review of "The Cut-off protein regulates piRNA cluster expression and piRNA production in the Drosophila gremlin" by Sch¸pbach and colleagues.
The piRNA pathway is one of the three major small RNA silencing pathways in animals, where it typically acts in the gonad to keep selfish genetic elements under control. The number of proteins involved in piRNA biogenesis and piRNA mediated silencing has steadily increased over the past few years and overall it is clear that we still do not know the full set of involved proteins, let alone their biological and molecular functions. In this manuscript, the authors study Cutoff, a protein with remote similarity to the yeast transcription termination factor Rai1. Cutoff has been identified by the same authors a couple years earlier, where its involvement in the piRNA pathway and general description of its mutant phenotype has been studied. The current manuscript significantly goes beyond the previous study as it demonstrates that cutoff is a germline specific activity that is involved in piRNA cluster transcription. Moreover, the authors link cutoff to Rhino, a specialized HP1 family member that has been shown to be required for the transcription of dual stranded piRNA clusters. the major findings of the manuscript are: 1. identification of a temporal axis in the germline piRNA pathway where cutoff acts considerably earlier than aubergine or vasa. 2. demonstration that Cutoff is a nuclear factor that localizes to heterochromatic domains and that is important for piRNA cluster transcription and the accumulation of piRNAs in germline cells. 3. demonstration that Cutoff and Rhino physically interact and depend on each other in terms of their heterochromatin localization. key issues that I have is that the two parts are only poorly linked. It seems as if the cross-fertilization between the two parts could be much more substantial. In the current manuscript it appears that the bioinformatics parts have been conducted by different people and therefore appear to be slightly detached from the rest. I strongly suggest the authors to take key observations obtained in the computational parts and test these or extend these by wet biology experiments. One obvious example would be the TART element where piRNA accumulation is enhanced in cuff mutants. Is this for example also happening in rhino mutants? do TART transcripts accumulate as full length transcripts in cuff or rhino mutants? 2. How do the authors explain that the ZAM-env sensor is repressed in the female germline? This is of relevance as it has been shown that ZAM is predominantly (or selectively) controlled in the somatic cells via the linear primary piRNA pathway acting through Piwi. I am not questioning the data of the authors, I just think it would be necessary to add at the very least potential explanations for this observation. In addition, the sensor construct from Chantal Vaury is in a pUAST backbone, which is known to be only very weakly expressed in germline cells. Can the authors comment on this issue? I suggest two key controls for this part: A) a control sensor lacking any target sequences: This would give an idea how the actGAL4 driven sensor construct actually looks in the absence of piRNA pathway influence. B) a sensor in which the ZAM env portion is in SENSE orientation rather then antisense. This control would be very interesting as the authors argue about the gremlin pathway where -in contrast to the soma pathway-ZAM might even be involved in ping-pong and therefore a sense sensor might also be regulated as has been shown for example for the I-element. 3. About the QRTPCR analysis of clusters; Overall, this is the weakest experimental part of the paper. The authors simply take primers from the Rhino paper and use these with their flies. Cluster composition, SNPs etc might significantly differ between fly strains. It is therefore very unclear whether the data here really reflects piRNA cluster transcription. Furthermore, it is possible that cluster 42AB does contain internal promotors that lead to local transcription. If piRNA production is impaired it is possible that these transcripts accumulate to much higher levels as theyr are not being degraded anymore in a piRNA dependent manner. In my opinion, the data on cluster expression is premature. At the very least, the authors need to include much more primer pairs and also add rhino mutants to this analysis. How do the authors explain that internal regions in 42AB are highly transcribed but this does not at all reflect the piRNA profile in the cuff mutants? 4. Cuff localization to heterochromatin: The authors describe that Cuff localizes to DNA foci, that these foci are typically in heterochromatic domains (or flank these) and that the majority of the Cuff foci are also positive for Rhino. Two comments: A) Do the foci of Cuff that do not co-localize with Rhino also disappear in rhino mutants? B) I feel that it would be important to demonstrate the interaction of Cuff with chromatin by CHIP experiments. At the very least to repeat the CHIP experiments that have been done in the Rhino study with Cuff. The authors do have several tools that would allow this rather straight forward experiment.
Minor comments:
1. I do not understand the first subtitle in the results section: "Developmental timing of the piRNA pathway activity in the cuff, aub and vas mutants" I suggest to re-phrase this to better capture the message. 2. The spelling of the ZAM sensor is majorly confusing. it should be ZenvAS for ZAM env antisense and not ZenVAS, which gets easily confused with the vasa gene. 3. given the temporal differences in when piRNA pathway members act in the germanium, and also given the relationships between cutoff and rhino, the authors should test the ZAM sensor also in rhino mutations and ideally also in Piwi mutations. 4. "Cuff mutations result in a slightly biased reduction of the piRNA population, whereby 70.92% sense and 79.84% antisense piRNAs are depleted in the absence of the Cuff protein." the authors cannot conclude this statement from the data as changes in the distribution are also possible. In other words, it is possible that transposon desilencing leads to enhanced funneling of active transposon messages into primary piRNA biogenesis. 5. supplementary data 1 is somehow of limited use. This is an example where I feel a rather strong disconnect between the bioinformatics and the rest of the paper. Just reporting the several hundred piRNA clusters from the literature in cuff mutants is not really useful. What can we learn from this data? Also, please include the chromosomal positions for each cluster. 6. the bio-informatic analysis needs to be carefully compared to the rhino mutant dataset. what are the similarities and what are the differences, if any? 7. the target sequence in the ZAM sensor is in an area with very little piRNAs. can the authors comment on this? is it possible that the de-silencing phenotype is independent of piRNAs? 8. "piRNA-based mechanisms appear to be conserved across the phyla and homologs of the Piwiclade Argonaute proteins are present in virtually all Eukaryotes" plants do not have PIWI family proteins yet are eukaryotes 9. materials and methods: "Briefly, 20mg total RNA extracted from the different genotypes was separated on a 15% denaturing" I assume it was micrograms, not milligrams 10. what is the peculiar expression pattern of cuff in Figure 6A ? The authors need to determine whether this is an artifact of the nosGAL4 induced overexpression or whether this is the endogenous situation. 11. The co-IP data in Figure 6 is questionable. The gel shows several background bands, all of which are significantly lower in the OreR control. Given that the control shows a weak band at the size of Rhino as well, it is well conceivable that the entire control contains for whatever reason much less material in the IP. I suggest to repeat this experiment and strongly advise to verify the interaction by a reciprocal IP. 12. Figure 4 : This figure is in parts hard to understand. The heatmap showing all clusters is confusing. How useful is it for the reader to have all clusters here, many of which are fragments and potentially even artifacts of an incomplete genome assembly? Also having just numbers to describe clusters that refer to another publication is of questionable use. I also do not understand why cluster 1 is only 25.000 bp long. It is roughly 10 times bigger.
Comments on citations:
Throughout, I feel that the literature is poorly captured in the citations. Very often, citations are omitted and in several places, the citations are not reflecting the statements. I list a few of these examples here and strongly advise the authors to carefully check their citations. 1. "A significant fraction of eukaryotic genomes is made up of repetitive sequences, such as transposable elements (TEs) and tandem repeats, whose de-regulation has been linked to a wide range of DNA damage, including double-strand breaks, telomere fusions and chromosome breakdown (Brennecke et al., 2007; Chambeyron et al., 2008; Klattenhoff et al., 2007; Vagin et al., 2006) ." these citations are not really related to the preceding sentence with the exception of the Klattenhoff paper. 2. "The production of these molecules relies on the activity of the Argonaute family members Piwi, Aubergine (Aub) and Argonaute-3 (Ago3), the eIF-4Elike translation factor Vasa (Vas) and a set of proteins whose biochemical function is still unclear (Aravin et al., 2007a; Brennecke et al., 2007; Brennecke et al., 2008; Klattenhoff et al., 2009; Li et al., 2009; Lim and Kai, 2007; Pane et al., 2007; Patil and Kai, 2010; Yin and Lin, 2007) ." this is not an exhaustive list of the well established piRNA pathway members: what about armitage, spn-E, mael; also: why is the Aravin mouse paper cited here as the only mouse paper? 3. "piRNAs can be sense or antisense with respect to transposon sequences. A subset of piRNAs overlap by 10 nt at their 5'end and are implicated in a feed-forward amplification loop (Brennecke et al., 2007) ." add Gunawardane et al. 4. ""Ping-pong" model, a feed-forward loop that amplifies the piRNA population and promotes the transcriptional and post-transcriptional silencing of transposons (Brennecke et al 2007) ." what is the evidence for transcriptional silencing in the drosophila piRNA pathway? please add citations 5. "The transcripts produced from these loci are processed by nuclear and cytoplasmic activities to produce the mature piRNAs." nobody has shown this; which papers do the authors refer to? 6. "More than 30% of the total piRNA population is produced from cluster 1/42AB located in the pericentromeric heterochromatin of Chromosome 2L." this statement is only true for the genome-unique mappers. Furthermore, cluster 42AB is on 2R, not 2L. 7. "including cluster 2 and flamenco/Com (flam) located at the centromere of the X Chromosome, produce piRNAs only from one genomic DNA strand (uni-strand clusters) (Brennecke et al., 2007; Brennecke et al., 2008) ." both clusters are at the border between euchromatin and heterochromatin and are far (!!) away from the centromere. Furthermore, Brennecke at al 2008 did not add any additional insight here. More informative would be original genetic literature on flamenco and COM 9. "In mutants of aub, which encodes an Argonaute protein and thus represents a key component of piRNA biogenesis (Gunawardane et al., 2007) , and in vas, which encodes an eIF4A like translation factor ((Styhler et al., 1998); Malone et al. 2009 )," citations for aub and for vasa are either not the most relevant ones or are incomplete. 10. "A few loci in the genome, including the uni-strand clusters 2 and flam, are instead populated by polarized transposons and transposon remnants, which are mainly oriented towards the centromere. Transcription of these loci occurs only from one genomic DNA strand and gives rise mostly to antisense piRNAs. These molecules are not involved in the amplification cycle and the mechanisms underlying their biogenesis are largely unclear." Malone et al and Li et al. (both Cell) seem to be appropriate citations here. 11. The entire page 10 in the manuscript heavily relies on concepts and findings that have been published in Brennecke et al 2007 , Malone et al. 2009 and Li et al 2009 . Not a single citation is present on this entire page. 12. Also large parts of the discussion seem to lack all citations.
Referee #2:
The Schupbach group has previously reported that Cut-off (Cuff), a Drosophila protein related to the yeast transcriptional termination factor Rai1, is essential for transposon silencing and germline development (Chen et al., Curr. Biol. 2007) . In this manuscript, the Schupbach group shows that Cuff is necessary for piRNA cluster expression and piRNA production in the Drosophila germline.
First, the authors demonstrated, using the EGFP-ZenVAS reporter system, that Cuff is necessary for transposon silencing at very early stages of germline development. Next, they performed immunohistochemistry to determine the subcellular localization of Cuff in ovaries. These authors have previously reported that Cuff tagged with a triple HA peptide localizes to the cytoplasm and accumulates in nuage, a perinuclear structure considered to be the location of piRNA production in Drosophila ovaries (Chen et al., 2007) . However, in this manuscript, EGFP-tagged Cuff localized to discrete foci in germ cell nuclei. In this manuscript, the authors used different conditions for the staining -a Proteinase K treatment was carried out after the initial fixation. In this immunohistochemical experiment, the authors found that the EGFP-Cuff signals were enriched in close proximity to and within heterochromatic domains, and significantly overlapped with those of HP1. They also noticed that EGFP-Cuff accumulated at centromeric/pericentromeric positions. From these findings, the authors concluded that Cuff plays a role in the regulation of genomic regions located at the pericentromeres and within heterochromatic domains.
Next, the authors investigated the involvement of Cuff in regulation of the expression of ovarian piRNA clusters, including the major dual-strand cluster1/42AB and the uni-strand cluster 2. piRNA clusters are discrete genomic loci producing the vast majority of piRNAs and are mostly embedded in heterochromatic regions. The authors found that mutations in cuff affect piRNA cluster expression and piRNA production from the clusters. The authors next showed that Cuff co-localizes and interacts with Rhino (Rhi), a germline-specific HP1 variant involved in piRNA production from the dual-strand cluster. Rhi failed to localize properly to the nuclear foci in the cuff mutant ovaries. As well, Cuff failed to localize to the nuclear foci without Rhi. The authors concluded that Cuff forms a complex with Rhi to regulate piRNA production from dual-strand clusters. The authors also suggest that Cuff might regulate the uni-strand cluster by associating with proteins other than Rhi, because Rhi is known to be unnecessary for piRNA production from the uni-strand cluster. Finally, they showed that piRNA pathway components do not localize to the nuage in the cuff mutants.
Major points: 1) In Figure 6 , the authors used anti-Cuff antibody to show Cuff localization in ovaries. However, in the other figures such as Figure 2 , the authors used EGFP-Cuff only. Anti-Cuff should be used in these figures as well. 2) In Figure 6D , the authors showed that EGFP-Cuff interacts with Rhi. What is the specificity of the interaction? The authors should examine whether other HPs also interact with EGFP-Cuff. 3) There are some discrepancies between the expression of piRNA clusters and piRNA production in the cuff mutants, which is very confusing. How do these discrepancies arise? The authors suggested that Cuff might regulate the uni-strand cluster by associating with proteins other than Rhi. What proteins might these be? Does EGFP-Cuff co-immunoprecipitate with proteins other than Rhi? 4) The authors concluded that cuff mutations affect piRNA production. However, this conclusion was drawn only from the sequencing data. Northern blotting should be performed for at least some major piRNAs to determine whether the loss of Cuff indeed affects their accumulation in ovaries. 5) Rhi is required for the expression of the major dual-strand cluster1/42AB (Klattenhoff et al., Cell 2009) . In this manuscript, the authors showed that Rhi failed to localize properly to the nuclear foci in the cuff mutant ovaries. However, in the mutants, the B region of the cluster1/42AB was upregulated whereas the A region of the same cluster was downregulated. How do the authors explain this phenomenon? 6) The data in Figure 7 indicate that Tej and Aub, and possibly other proteins as well, are downregulated in the cuff mutants. The expression levels of the proteins in the mutants and wildtype controls should be determined by western blotting. Is the piRNA-binding status of individual PIWI proteins affected by the cuff mutations? This should be examined. In this manuscript, Pane et al. describe a role for cutoff (cuff) in piRNA cluster expression and piRNA production in the Drosophila germline. Previously, the group has shown that cuff was required for transposon silencing in Drosophila ovaries, not for roo piRNA production. They also showed that Cuff-HA localizes to perinuclear nuage, a site where many piRNA pathway components reside. Here, using a modified staining technique, they report that Cuff localizes to pericentromeric heterochromatin regions. By employing deep sequencing, they find that cuff is required for piRNA production, and piRNA cluster expression. Cuff physically associates with Rhino (Rhi), a HP1 variant required for piRNA cluster expression and piRNA production, and Cuff and Rhi are mutually dependent on each other for their localization. They propose that Cuff likely functions together with Rhi to regulate piRNA cluster expression and piRNA production.
As little is known about the process of piRNA biogenesis, this paper will be interesting to researchers in the field. However, the weakness of this manuscript would be the lack of strong evidence supporting molecular function of Cuff for generation of germline piRNA. The IP data showing the physical interaction with Rhino and the effect on piRNA precursors are not solid. Below are some specific comments that the authors need to address before publication.
Major concerns: 1. The authors used the EGFP-ZenVAS reporter, which monitors the activity of piRNAs from flam locus. However, those appears to be a somatic piRNA, which is regulated by the somatic piRNAs pathway (Malone et al 2009), whereas cuff seems to be involved only in the production of germline piRNAs. How do the authors explain the strong effect of cuff mutation on the reporter? The authors need to address this dilemma. The ZAM reporter expression between vas heterozygous and the mutant does not seem to have significant difference. Authors may also provide the expression data for the aub and cuff heterozygous controls. Figure 1 that cuff mutation has a stronger effect on the EGFP-ZenVAS reporter than vas and aub mutants. Does this suggest that Cuff (which localizes to nucleus as they suggested) functions at a different level from Vas and Aub (which localizes to nuage)? Does rhi mutants also show such as strong effect as cuff? Furthermore, it will be more convincing if the GFP signal intensity is quantified in independent samples with the comparison between homozygous and heterozygous.
The authors show in
3. In this manuscript, the authors suggest that Cuff localizes to the nucleus. As they previously showed that Cuff localizes to nuage, it is important for them to make it clear whether Cuff localizes to nucleus alone, or both to nucleus and nuage. Is Cuff a nuclear-cytoplasm shuttling protein, which localizes to both nuage and nucleus? This information will be important to the interpretation of the results.
4. Figure 2C -C" alone is not sufficient to prove the accumulation of Cuff at centromeric/pericentromeric as it only shows one incidence of colocalization of Cuff and CID. The authors may consider furnishing statistics of Cuff observed to colocalize/appear next to CID. The authors' claim, 'a significant accumulation of Cuff at centromeric/pericentromeric positions' implies that the majority of CID-positive regions should colocalize with Cuff.
4. The different regions, in the 42 AB locus which is supposed to produce the precursor piRNA transcripts, behave differently in terms of transcription in cuff mutant (there are three categoriespositive, negative and not affected). This can not be perceived as a function of Rhi-Cuff complex, since in rhi mutant exhibits a general loss of transcription from 42 AB locus (Klattenhoff et al. 2009 ). In order to explain this effect, authors can show by ChIP if cuff binding correlates with the transcription of precursor piRNAs (if Cuff binds to this region or if it is a secondary effect).
5. The authors show that Rhi co-immunoprecipitates with EGFP-Cuff. The pulled-down Rhi band appears to run at a slightly lower molecular weight compared to those in the input. Furthermore, a strong signal appears present below the Rhi band in the EGFP-Cuff IP not found in the OrR IP. Not only Rhino, but also other background signal is much weaker in the OrR. To support author's clam, a better quality data should be shown. Furthermore, the authors should perform reciprocal co-IP to confirm the interaction. If possible, the authors can also consider testing if the interaction is dependent on RNA.
6. In the discussion, the authors suggested that the germline stem cell loss phenotype in cuff mutants may be attributed to the loss of Piwi in germline stem cells. However, Piwi is required in the somatic cells but not germline stem cells for self-renewal. Therefore, the authors need to consider this explanation more carefully.
7. To ensure staining specificity of the cuff transgene and cuff antibody, staining in non-transgenic flies and cuff mutants should be shown. 4. The anti-Cuff has not been reported, although the authors refer to their 2007 current biol paper. The details on the generation of antibody need to be described. The piRNA pathway is one of the three major small RNA silencing pathways in animals, where it typically acts in the gonad to keep selfish genetic elements under control. The number of proteins involved in piRNA biogenesis and piRNA mediated silencing has steadily increased over the past few years and overall it is clear that we still do not know the full set of involved proteins, let alone their biological and molecular functions. In this manuscript, the authors study Cutoff, a protein with remote similarity to the yeast transcription termination factor Rai1. Cutoff has been identified by the same authors a couple years earlier, where its involvement in the piRNA pathway and general description of its mutant phenotype has been studied. The current manuscript significantly goes beyond the previous study as it demonstrates that cutoff is a germline specific activity that is involved in piRNA cluster transcription. Moreover, the authors link cutoff to Rhino, a specialized HP1 family member that has been shown to be required for the transcription of dual stranded piRNA clusters.
the major findings of the manuscript are: 1. identification of a temporal axis in the germline piRNA pathway where cutoff acts considerably earlier than aubergine or vasa. 2. demonstration that Cutoff is a nuclear factor that localizes to heterochromatic domains and that is important for piRNA cluster transcription and the accumulation of piRNAs in germline cells. 3. demonstration that Cutoff and Rhino physically interact and depend on each other in terms of their heterochromatin localization.
Overall, this is a very interesting study. However, the paper is still premature for publication. I suggest several lines for improvement and support publication of a revised manuscript.
major comments: 1. overall, the paper has two experimental lines: Drosophila genetics and bioinformatics. One of the key issues that I have is that the two parts are only poorly linked. It seems as if the cross-fertilization between the two parts could be much more substantial. In the current manuscript it appears that the bioinformatics parts have been conducted by different people and therefore appear to be slightly detached from the rest. I strongly suggest the authors to take key observations obtained in the computational parts and test these or extend these by wet biology experiments. One obvious example would be the TART element where piRNA accumulation is enhanced in cuff mutants. Is this for example also happening in rhino mutants? do TART transcripts accumulate as full length transcripts in cuff or rhino mutants? At-chX-1, described in Nishida et al., 2007 and Li et al., 2009) 2. How do the authors explain that the ZAM-env sensor is repressed in the female germline? This is of relevance as it has been shown that ZAM is predominantly (or selectively) controlled in the somatic cells via the linear primary piRNA pathway acting through Piwi. I am not questioning the data of the authors, I just think it would be necessary to add at the very least potential explanations for this observation. In addition, the sensor construct from Chantal Vaury is in a pUAST backbone, which is known to be only very weakly expressed in germline cells. (Desset et al., 2008) .
We understand the reviewer's point and in the revised manuscript we have tried to increase the connection between the bioinfomatic and experimental sections (See revised Fig.4 and text in Result and Discussion). We performed northern blot analyses on piRNAs, which target the vasa gene (i.e.
I suggest two key controls for this part: A) a control sensor lacking any target sequences: This would give an idea how the actGAL4 driven sensor construct actually looks in the absence of piRNA pathway influence. Fig.1 ) B) a sensor in which the ZAM env portion is in SENSE orientation rather then antisense. This control would be very interesting as the authors argue about the germline pathway where -in contrast to the soma pathway-ZAM might even be involved in ping-pong and therefore a sense sensor might also be regulated as has been shown for example for the I-element.
We performed this experiment and found that an EGFP reporter construct lacking the ZAM sequence is constitutively expressed in both germline and follicle cells in wild type ovaries (see

We agree with the reviewer that this experiment would be very informative. However, the sense ZAM reporter lines (e.g. pUAS-GFP-ZenvS described in Desset et al., 2008) are currently no longer available for technical reasons (Chantal Vaury personal communication). Therefore, we could not perform this assay.
3. About the QRTPCR analysis of clusters; Overall, this is the weakest experimental part of the paper. The authors simply take primers from the Rhino paper and use these with their flies. Cluster composition, SNPs etc might significantly differ between fly strains. It is therefore very unclear whether the data here really reflects piRNA cluster transcription. Furthermore, it is possible that cluster 42AB does contain internal promotors that lead to local transcription. If piRNA production is impaired it is possible that these transcripts accumulate to much higher levels as they are are not being degraded anymore in a piRNA dependent manner. In my opinion, the data on cluster expression is premature. At the very least, the authors need to include much more primer pairs and also add rhino mutants to this analysis. How do the authors explain that internal regions in 42AB are highly transcribed but this does not at all reflect the piRNA profile in the cuff mutants?
In the previous version of the manuscript, we adopted primer pairs described in Klattenhoff et al., 2009 minor comments:
1. I do not understand the first subtitle in the results section: "Developmental timing of the piRNA pathway activity in the cuff, aub and vas mutants" I suggest to re-phrase this to better capture the message.
We changed the subtitle as follows: "A Zam-based reporter construct is de-repressed in piRNA pathway mutants" 2. The spelling of the ZAM sensor is majorly confusing. it should be ZenvAS for ZAM env antisense and not ZenVAS, which gets easily confused with the vasa gene.
We corrected this issue according to the reviewer's advice.
3. given the temporal differences in when piRNA pathway members act in the germarium, and also given the relationships between cutoff and rhino, the authors should test the ZAM sensor also in rhino mutations and ideally also in Piwi mutations. Fig. 1 7. the target sequence in the ZAM sensor is in an area with very little piRNAs. can the authors comment on this? is it possible that the de-silencing phenotype is independent of piRNAs? (Moshkovich and Lei, 2010) 9. materials and methods: "Briefly, 20mg total RNA extracted from the different genotypes was separated on a 15% denaturing" I assume it was micrograms, not milligrams
We performed this assay and found that the ZenvAS reporter is significantly de-regulated in the rhi mutant background (see
It is indeed possible that the regulation of this reporter and of the corresponding genomic region might not directly rely on the activity of the piRNAs. In a recent paper published in Plos Genetics
We corrected this formatting error.
10. what is the peculiar expression pattern of cuff in Figure 6A ? The authors need to determine whether this is an artefact of the nosGAL4 induced overexpression or whether this is the endogenous situation.
We performed Immunostaining experiments using the anti-Cuff and anti-Rhino antibodies (see revised Fig. 6) and confirmed that these proteins begin to clearly colocalize in the late mitotic cyst as shown with the EGFP-Cuff transgenic lines.
11. The co-IP data in Figure 6 is questionable. The gel shows several background bands, all of which are significantly lower in the OreR control. Given that the control shows a weak band at the size of Rhino as well, it is well conceivable that the entire control contains for whatever reason much less material in the IP. I suggest to repeat this experiment and strongly advise to verify the interaction by a reciprocal IP. Throughout, I feel that the literature is poorly captured in the citations. Very often, citations are omitted and in several places, the citations are not reflecting the statements. I list a few of these examples here and strongly advise the authors to carefully check their citations. 1. "A significant fraction of eukaryotic genomes is made up of repetitive sequences, such as transposable elements (TEs) and tandem repeats, whose de-regulation has been linked to a wide range of DNA damage, including double-strand breaks, telomere fusions and chromosome breakdown (Brennecke et al., 2007; Chambeyron et al., 2008; Klattenhoff et al., 2007; Vagin et al., 2006) ." these citations are not really related to the preceding sentence with the exception of the Klattenhoff paper.
2. "The production of these molecules relies on the activity of the Argonaute family members Piwi, Aubergine (Aub) and Argonaute-3 (Ago3), the eIF-4Elike translation factor Vasa (Vas) and a set of proteins whose biochemical function is still unclear (Aravin et al., 2007a; Brennecke et al., 2007; Brennecke et al., 2008; Klattenhoff et al., 2009; Li et al., 2009; Lim and Kai, 2007; Pane et al., 2007; Patil and Kai, 2010; Yin and Lin, 2007) ." this is not an exhaustive list of the well established piRNA pathway members: what about armitage, spn-E, mael; also: why is the Aravin mouse paper cited here as the only mouse paper? 3. "piRNAs can be sense or antisense with respect to transposon sequences. A subset of piRNAs overlap by 10 nt at their 5'end and are implicated in a feed-forward amplification loop (Brennecke et al., 2007) ." add Gunawardane et al. 4. ""Ping-pong" model, a feed-forward loop that amplifies the piRNA population and promotes the transcriptional and post-transcriptional silencing of transposons (Brennecke et al 2007) ." what is the evidence for transcriptional silencing in the drosophila piRNA pathway? please add citations 5. "The transcripts produced from these loci are processed by nuclear and cytoplasmic activities to produce the mature piRNAs." nobody has shown this; which papers do the authors refer to? 6. "More than 30% of the total piRNA population is produced from cluster 1/42AB located in the pericentromeric heterochromatin of Chromosome 2L." this statement is only true for the genomeunique mappers. Furthermore, cluster 42AB is on 2R, not 2L. Referee #2 (Remarks to the Author):
Major points: 1) In Figure 6 , the authors used anti-Cuff antibody to show Cuff localization in ovaries. However, in the other figures such as Figure 2 , the authors used EGFP-Cuff only. Anti-Cuff should be used in these figures as well.
In Fig. 2 Supplementary  Fig. S2B ).
2) In Figure 6D , the authors showed that EGFP-Cuff interacts with Rhi. What is the specificity of the interaction? The authors should examine whether other HPs also interact with EGFP-Cuff.
Following the reviewer's advice, we performed CoIP experiments between Cuff and HP1. We find that these proteins do not physically interact (please see revised Figure 6 ) even though Cuff is clearly enriched in HP1 domains.
3) There are some discrepancies between the expression of piRNA clusters and piRNA production in the cuff mutants, which is very confusing. How do these discrepancies arise? The authors suggested that Cuff might regulate the uni-strand cluster by associating with proteins other than Rhi. What proteins might these be? Does EGFP-Cuff co-immunoprecipitate with proteins other than Rhi?
The reviewer raises an important question. We definitely see effects of mutations in Cuff on the unistrand cluster 2, in contrast to the results reported for Rhino by Klattenhoff and coworkers. We are currently performing EGFP-Cuff IPs followed by Mass Spec analysis of the putative interactors. Our data, however, are not conclusive yet and we cannot address the reviewer's comment. In order to strengthen our conclusions, we have performed a careful bioinformatic comparison of the cuff and rhi mutant libraries (for details please see new Figure 7 and corresponding paragraph in the manuscript).
4) The authors concluded that cuff mutations affect piRNA production. However, this conclusion was drawn only from the sequencing data. Northern blotting should be performed for at least some major piRNAs to determine whether the loss of Cuff indeed affects their accumulation in ovaries. Fig.4 ).
We performed northern blot analysis on major piRNAs in cuff and wt ovaries (please see revised Fig. 4). Our results validate the library analysis. In addition, we analyzed the production of two abundant miRNAs, miR310 and miR184, by Northern blotting. These small RNAs are not affected by mutations in cuff (revised
5) Rhi is required for the expression of the major dual-strand cluster1/42AB (Klattenhoff et al., Cell 2009
). In this manuscript, the authors showed that Rhi failed to localize properly to the nuclear foci in the cuff mutant ovaries. However, in the mutants, the B region of the cluster1/42AB was upregulated whereas the A region of the same cluster was downregulated. How do the authors explain this phenomenon?
We have extended the analysis of cluster 1/42AB expression levels using more primer pairs. Please see revised Fig, 3 
and response to reviewer #1's major point 3. A possible explanation for the apparent discrepancy in the expression levels of different regions of Cl1/42AB is provided in the revised Discussion.
6) The data in Figure 7 indicate that Tej and Aub, and possibly other proteins as well, are downregulated in the cuff mutants. The expression levels of the proteins in the mutants and wildtype controls should be determined by western blotting. Is the piRNA-binding status of individual PIWI proteins affected by the cuff mutations? This should be examined. Fig. 7 , which is Fig.8 Fig.8 , if necessary.
The immunostaining experiments reported in the original
Minor points: 1) Page 11~; Fig. 5 and Fig. 6 should be Fig. 6 and Fig. 7 .
2) qRt-PCR should appear as qRT-PCR.
We fixed these errors in the revised version of the manuscript.
Referee #3 (Remarks to the Author):
In this manuscript, Pane et al. describe a role for cutoff (cuff) in piRNA cluster expression and piRNA production in the Drosophila germline. Previously, the group has shown that cuff was required for transposon silencing in Drosophila ovaries, not for roo piRNA production. They also showed that Cuff-HA localizes to perinuclear nuage, a site where many piRNA pathway components reside. Here, using a modified staining technique, they report that Cuff localizes to pericentromeric heterochromatin regions. By employing deep sequencing, they find that cuff is required for piRNA production, and piRNA cluster expression. Cuff physically associates with Rhino (Rhi), a HP1 variant required for piRNA cluster expression and piRNA production, and Cuff and Rhi are mutually dependent on each other for their localization. They propose that Cuff likely functions together with Rhi to regulate piRNA cluster expression and piRNA production.
Major concerns: 1. The authors used the EGFP-ZenVAS reporter, which monitors the activity of piRNAs from flam locus. However, those appears to be a somatic piRNA, which is regulated by the somatic piRNAs pathway (Malone et al 2009), whereas cuff seems to be involved only in the production of germline piRNAs. How do the authors explain the strong effect of cuff mutation on the reporter? The authors need to address this dilemma. The ZAM reporter expression between vas heterozygous and the mutant does not seem to have significant difference. Authors may also provide the expression data for the aub and cuff heterozygous controls. 3. In this manuscript, the authors suggest that Cuff localizes to the nucleus. As they previously showed that Cuff localizes to nuage, it is important for them to make it clear whether Cuff localizes to nucleus alone, or both to nucleus and nuage. Is Cuff a nuclear-cytoplasm shuttling protein, which localizes to both nuage and nucleus? This information will be important to the interpretation of the results.
The ZenvAS reporter contains a fragment of the ZAM transposon in antisense orientation with respect to the UAS promoter. It is therefore unlikely to be the target of flamenco piRNAs, which are mostly antisense to ZAM sequences. In addition, the ZAM fragment used in this sensor line is not present in the flamenco locus as determined by Blast search. Finally, flamenco piRNAs are not altered in the cuff mutant. For a possible explanation of why the reporter is deregulated in the piRNA pathway mutants, please see response to reviewer #1's minor point 7, and main body text p. xxx. In spite of the open question of the mechanism by which the reporter is deregulated in the mutants, it is clearly subject to regulation by the piRNA components in the germline. We have also generated a reporter without the ZenvAS sequences and this construct is constitutively expressed in
This is a good point, but difficult to address. It would require some type of shuttling assay in cultured cells that would be difficult to set up and might not even faithfully reflect the situation in the germline.
We performed a more accurate analysis of the relative distribution of Cuff and CID in wildtype egg chambers. Out of 50 CID-positive foci (e.g. centromeres), 42 displayed a clear and significant accumulation of Cuff, which appears either overlapping or directly juxtaposed to CID (see revised Fig.2 and main body text). The remaining 8 centromeres were located in regions where Cuff is still present, but in a more dispersed pattern. These results were added to the text.
We have extensively tried Chip assays on EGFP-Cuff expressing lines. However, our results are not yet conclusive. Please see response to reviewer #1's comment 4B for details.
5. The authors show that Rhi co-immunoprecipitates with EGFP-Cuff. The pulled-down Rhi band appears to run at a slightly lower molecular weight compared to those in the input. Furthermore, a strong signal appears present below the Rhi band in the EGFP-Cuff IP not found in the OrR IP. Not only Rhino, but also other background signal is much weaker in the OrR. To support author's clam, a better quality data should be shown. Furthermore, the authors should perform reciprocal co-IP to confirm the interaction. If possible, the authors can also consider testing if the interaction is dependent on RNA. Fig.6) . 6. In the discussion, the authors suggested that the germline stem cell loss phenotype in cuff mutants may be attributed to the loss of Piwi in germline stem cells. However, Piwi is required in the somatic cells but not germline stem cells for self-renewal. Therefore, the authors need to consider this explanation more carefully.
We repeated the Cuff/Rhi Co-IP several times and consistently observe an enrichment of the Rhi protein in the EGFP-Cuff IP. Control lanes display only a faint background signal (see revised
We agree with the reviewer that the stem cell self-renewal was shown to rely on somatic Piwi in the stem cell niche. In addition, Piwi appears to have also a germline function, whereby it promotes stem cell division in a cell autonomous fashion (Cox et al, 2000)). We think that it is the loss of the germline Piwi function in the cuff mutant, which contributes to the depletion of stem cells over time.
7. To ensure staining specificity of the cuff transgene and cuff antibody, staining in non-transgenic flies and cuff mutants should be shown. Fig. 6 and Supplementary Fig.S2B) 8. Many nuage components have been reported to function in germline piRNA pathway. Authors need to explain why they selected Tejas, but not the others, for the localization analysis in cuff mutant. How authors interpret this data in the view of molecular function of Cuff? The reciprocal experiments may be needed, depending on future context. Fig. 7 will change the conclusion. We corrected the omission. Figure 2B : drawing arrows may help to highlight the colocalization of EGFP-Cuff and HP1. Figure 2C can be improved by providing a better image. We changed Fig. 2 according to the reviewer's suggestion. 
We performed this experiment (see revised
We analyzed the distribution of several representative nuage components in the cuff mutant, in order to determine whether the nuage is disrupted in this genetic background. We can extend this analysis to spnE, armitage, maelstrom and other proteins that are known to localize to the nuage, if necessary. However, we do not think that adding more panels to
Figure 2:
We fixed this formatting error. (In the revised manuscript, some of the Figure numbers have been further changed).
4. The anti-Cuff has not been reported, although the authors refer to their 2007 current biol paper. The details on the generation of antibody need to be described.
We added a paragraph describing the production of the monoclonal antibody against the Cuff protein (please see revised material and methods). 2nd Editorial Decision 24 May 2011
Thank you for submitting your revised manuscript for consideration by the EMBO Journal. It has now been seen by two of the original referees whose comments are enclosed. As you will see, both referees appreciate the amount of work added in the revised manuscript and are supportive of eventual publication although a number of issues still remain, most of these can be addressed in terms of textual changes. In addition both referees suggest ways of improving the interaction data between Cuff and Rhino, this would be extremely beneficial to the current study.
When preparing your letter of response to the referees' comments, please bear in mind that this will form part of the Review Process File, and will therefore be available online to the community. For more details on our Transparent Editorial Process, please visit our website: http://www.nature.com/emboj/about/process.html
Thank you for the opportunity to consider your work for publication. I look forward to your revision.
Yours sincerely,
Editor
Re-Review of "The Cut-off protein regulates piRNA cluster expression and piRNA production in the Drosophila germline" by Schupbach and colleagues.
As mentioned in my previous report, this manuscript demonstrates the interesting finding that cutoff (a previously identified piRNA pathway gene) links to Rhino and piRNA cluster biology. A few of the key findings are well documented and allow a relatively firm placement of cutoff in the process of piRNA cluster biology. these are: 1. the subcellular localization experiments 2. the genetic interdependence of cutoff and rhino regarding their localization 3. the piRNA profiling in mutants.
In addition, the authors show (by using the ZAM sensor) that cutoff and rhino are required already in early stages of oogenesis, while typical ping pong components such as vasa and aub are required slightly later.
Several aspects of the study, however, remain very speculative. The revised version of the manuscript offers no satisfactory data on the following aspects, both of which have been raised during the first review round:
1. the QPCR data on cluster transcript levels this is at the heart of the author's conclusion that Cuff is involved in cluster transcription. The presented data simply does not support this notion;
2. the physical interaction between Rhino and Cutoff this is the only molecular link between Rhino and Cutoff; While it is possible that Rhino runs a bit slower in the IP lane (we have observed similar results for different proteins in our lab), I do not understand why the authors did not take advantage of the Rhino_GFP flies in combination with their triple HA-Cuff flies to perform an independent and more importantly reciprocal co-IP experiment.
I do appreciate that the authors have invested into clarifying several aspects from the previous review round. Nevertheless, in my opinion a large portion of the criticism raised is addressed in a rather unsatisfactory manner. I still believe that the findings are of high relevance for the EMBOJ readership; I therefore suggest to shorten the manuscript to the key findings (short communication) and move most of the more speculative or descriptive data into supplemental information.
detailed points:
1. "In Eukaryotes, piRNAs form a surveillance ..." plants do not have piRNAs, yet are eukaryotes 2. Cuff is an abbreviation that needs to be spelled out in the abstract 3. the citations have improved but are still not entirely satisfactory: e.g. "Furthermore, a subset of piRNAs displays a 10 nt overlap at their 5'end (Brennecke et al, 2007) ." add Gunawardane "Conversely, a few loci, including cluster 2 and flam, produce piRNAs only from one genomic DNA strand (uni-strand clusters) (Brennecke et al, 2007; Brennecke et al, 2008) ." Brennecke 2008 does not report anything along those lines; Malone 2009 might be the better citation 4. " ... helicases spindle-E ..." as the authors refer to the protein, please capitalize 5. "while a similar sensor construct lacking the zam sequence is constitutively deregulated in wild type germaria" expressed, not deregulated 6. "Our data suggest that Cuff and Rhi activities are essential for transposon silencing during germline development, while Vas and Aub appear to exert a less prominent role in the silencing mechanism" this is too general. the authors analyze only one artificial sensor. general conclusions on TE repression cannot be drawn 7. in the first part of the result section (main text) it would be very helpful to add, how the sensor constructs were driven (which GAL4-driver?); the same holds for the expression of the Cuff-GFP constructs.
8. "A hallmark of heterochromatic regions is the presence of the Heterochromatin Protein 1 (HP1) please be more specific as there are several HP1 family proteins 9. The discrepancies in the Cuff localization between the published manuscript and this one are rather striking; do the authors really believe that the differences are based on the different tags or the staining procedure? is it not possible that there was simply a mistake in the old paper?
10. It did not entirely get clear to me whether the cuff-GFP transgenes are finally in pUASp or in pUASt 11. I am very confused, why expression of the ZAM and also the empty control sensor with actG4 does not lead to massive signal in the somatic cells of the germanium and early egg chambers. Does this also hold up for the later egg chambers and if so, the authors need to explain this apparent discrepancy to the Desset at al. paper.
12. Similar to region A of the cluster 1/42AB, we could detect a substantial downregulation of the cluster 1-32 (Fig. 3A) . what is cluster 1-32?
13. several primers of the Klattenhoff paper have numerous matches in the genome; I really think that the QPCR analysis of piRNA clusters has severe limitations; first of all, it does not necessarily reflect cluster transcription as clusters might still be transcribed but they are either altered in their processing-speed or in their stability; both of these would strongly impact steady state levels of cluster transcripts in the absence of any transcriptional changes; In the light that several of the Klattenhoff primers are multiple-mappers (the primers designed in this study have been designed much more carefully), I wonder whether the authors should not comment on this and rather leave out the Klattenhoff primers and instead use their own set.
14. I am generally very skeptical about strand specific RT-PCR; the essential control for a strand specific RT PCR is to perform the RT step by omitting any primer. Many RNAs fold back and autoprime, leading to artificial results; moreover, as total RNA is used as input and as total RNA does include piRNAs, which map to clusters in both orientations, I wonder whether these piRNAs are not used as primers in the RT step;
15. Cuff mutations result in a significant reduction of both sense and antisense piRNA populations," in respect of what? please add TE 16. A few loci in the genome, including the uni-strand clusters 2 and flam, are instead populated by polarized transposons and transposon remnants (Desset et al, 2003) ." citation??
17. "Finally, only for the TART family of telomere-specific retrotransposons, including the TART-A, TART-B and TART-C variants, did we observe an increase in the corresponding sense and antisense piRNAs ( Fig. 5 and Supplementary S5). These molecules, however do not display an obvious 10nt overlap suggesting that their production does not proceed through the ping-pong amplification cycle." Is it possible that these piRNAs are degradation products? Do they have a U-bias at the first nt?
18. "These observations suggest the regulation of certain piRNA clusters might not require both proteins." In my opinion, this is a rather speculative argument. Simply because the two strains might contain rather different sequence makeup of clusters and/or transposons, leading to such variations; alternatively, the mutants generate different morphological end-results, leading to skewed cell type representation and therefore skewed piRNA cluster profiles. Figure 7A is rather questionable 20. Interestingly, sense piRNAs corresponding to 19 transposon families appear to be more sensitive to mutations in cuff, since these piRNAs are 2 to 4 fold less abundant in cuff than in rhi libraries (Fig. 7B) ." for sense piRNAs, I suggest to carefully verify that these do not represent degradation products of abundant sense transcripts of the de-silenced elements.
The value of
21. "Our data suggest that Cuff might be critical for the expression of precursor transcripts that will generate the sense piRNA population, while both Cuff and Rhi are similarly required for the expression of the antisense piRNA precursor transcripts." In light of my previous comments, I think that this is pure speculation 22. "our data point to the presence of multiple promoters within the dual-strand clusters, which might generate discrete piRNA precursor transcripts encompassing the locus" Also this is highly speculative in the absence of more robust data. RNAseq profiles or PolII occupancy profiles would be very helpful (I am not asking for this here; but in the absence of this data type, I do think that the given speculation is unjustified)
23. "It is tempting to speculate that the de-regulation of the pGFP-ZenvAS reporter construct in cuff, rhi, vas and aub mutants might be due to the re-organization of heterochromatic regions caused by the down-regulation of certain piRNA clusters including those in the 3R-Het." Also this is highly speculative, even for a discussion.
24. "Since nuclear Piwi is dramatically lost in the germaria of all these mutants ..." where has this been systematically shown?
25. the western showing the IP with Rhino is still shaky. Mostly the background band in the control IP is questioning the specificity of the interaction; see also my comment above;
26. legend of figure S2 : "The number of nuclei for each class Ovaries expressing the EGFP-Cuff fusion protein were labeled with anti HP1antibodies." please check grammar/logic 27. Figure S3 : what is the basis for ordering the clusters this way? why not stick to the numerical order?
Referee #3:
In their revised version of the manuscript, the authors have addressed most of the concerns I previously raised. In particular, revised experiment for localization of Cuff was quite satisfactory. The co-localization of some Cuff foci with CID and Rhino, and mutual dependence of Cuff and Rhino to discrete foci in nucleus are now of high quality. Together with their improved analyses of deep sequencing, I think this is convincing enough for the nuclear function of Cuff in germline piRNA production. It is also good to see the added citations to the previous literature, which have been pointed out by the other reviewers, and the manuscript has been greatly improved. My only concern is co-IP showing potential interaction between Cuff and Rhi. As the author could not see the interaction by the reciprocal IP experiment, I further suggest examining it in S2 cells. After having the data or any convincing argument, I believe this manuscript would be appropriate for the publication in EMBO journal.
Minor points: Pg.9, Cluster 1/42AB can be divided in regions A, B and C with A being closer to the centromere and C more distal (Klattenhoff et al, 2009 ). It would be nice to have a brief description how they are located.
Pg.11, Ago-3 should be Ago3.
Pg13, which corresponds to the molecular weight of Rhi (Fig. 6D, lane 3) . which most likely represents an unspecific signal (Fig. 6D, lane 4) . The blots do not have any numbers for the lanes.
Pg. 14, in the first line, (ref) should be filled with an appropriate citation. Response to the comments of the Reviewers (2 nd round of reviews)
As mentioned in my previous report, this manuscript demonstrates the interesting finding that cutoff (a previously identified piRNA pathway gene) links to Rhino and piRNA cluster biology. A few of the key findings are well documented and allow a relatively firm placement of cutoff in the process of piRNA cluster biology.
these are: 1. the subcellular localization experiments 2. the genetic interdependence of cutoff and rhino regarding their localization 3. the piRNA profiling in mutants.
We have introduced a new panel in Fig. 6 Fig. 6 , which include the Co-Immunostaining experiments (Fig.6 panel A-C) , the forward panel D) , the immunostaining with anti-Cuff and antiRhi antibodies on the rhi and cuff mutants respectively (Fig. 6, and the newly added Chip assay (Fig.6, panel I) , represent enough evidence to safely assign Cuff and Rhi to a nuclear complex involved in piRNA cluster regulation.
1."In Eukaryotes, piRNAs form a surveillance ..." plants do not have piRNAs, yet are eukaryotes
We have corrected this error in the revised version of the manuscript.
Cuff is an abbreviation that needs to be spelled out in the abstract
We changed the abstract according to the reviewer's comment.
3. the citations have improved but are still not entirely satisfactory: e.g. "Furthermore, a subset of piRNAs displays a 10 nt overlap at their 5'end (Brennecke et al, 2007) ."add Gunawardane "Conversely, a few loci, including cluster 2 and flam, produce piRNAs only from one genomic DNA strand (uni-strand clusters) (Brennecke et al, 2007; Brennecke et al, 2008 7. in the first part of the result section (main text) it would be very helpful to add, how the sensor constructs were driven (which GAL4-driver?); the same holds for the expression of the Cuff-GFP constructs.
Drivers and genetic backgrounds were described in the Supplementary Materials and Methods section of the manuscript. However, in the revised version of the manuscript, we have specified also in the Result section what drivers were used to induce the expression of the EGFP-ZenvAS sensor and the EGFP-Cuff transgene (Page 6 and 8, respectively).
8. "A hallmark of heterochromatic regions is the presence of the Heterochromatin Protein 1 (HP1) please be more specific as there are several HP1 family proteins
We have specified in the text that the heterochromatin is marked by the HP1A protein, the protein product of the Su(var)205 gene (Page 8).
9. The discrepancies in the Cuff localization between the published manuscript and this one are rather striking; do the authors really believe that the differences are based on the different tags or the staining procedure? is it not possible that there was simply a mistake in the old paper?
We understand the skepticism of the reviewer. Desset and colleagues (Desset et al., 2008) . Details regarding these constructs can be found in the Supplementary Materials and Methods section.
11. I am very confused, why expression of the ZAM and also the empty control sensor with actG4 does not lead to massive signal in the somatic cells of the germanium and early egg chambers. Does this also hold up for the later egg chambers and if so, the authors need to explain this apparent discrepancy to the Desset at al. paper.
In 12. Similar to region A of the cluster 1/42AB, we could detect a substantial downregulation of the cluster 1-32 (Fig. 3A) . what is cluster 1-32?
We have corrected this error in the corresponding paragraph. In addition, we have rephrased the paragraph to clarify the position of the different primer pairs along the clusters. Please see revised manuscript and response to reviewer 2, point 2 for details.
13. several primers of the Klattenhoff paper have numerous matches in the genome; I really think that the QPCR analysis of piRNA clusters has severe limitations; first of all, it does not necessarily reflect cluster transcription as clusters might still be transcribed but they are either altered in their processing-speed or in their stability; both of these would strongly impact steady state levels of cluster transcripts in the absence of any transcriptional changes; In the light that several of the Klattenhoff primers are multiple-mappers (the primers designed in this study have been designed much more carefully), I wonder whether the authors should not comment on this and rather leave out the Klattenhoff primers and instead use their own set. 16. A few loci in the genome, including the uni-strand clusters 2 and flam, are instead populated by polarized transposons and transposon remnants (Desset et al, 2003) ." citation??
We corrected the citations related to this sentence as suggested by the reviewer.
17. "Finally, only for the TART family of telomere-specific retrotransposons, including the TART-A, TART-B and TART-C variants, did we observe an increase in the corresponding sense and antisense piRNAs ( Fig. 5 and Supplementary S5). These molecules, however do not display an obvious 10nt overlap suggesting that their production does not proceed through the ping-pong amplification cycle." Is it possible that these piRNAs are degradation products? Do they have a Ubias at the first nt?
We Figure 7A is rather questionable 20. Interestingly, sense piRNAs corresponding to 19 transposon families appear to be more sensitive to mutations in cuff, since these piRNAs are 2 to 4 fold less abundant in cuff than in rhi libraries (Fig.7B) ." for sense piRNAs, I suggest to carefully verify that these do not represent degradation products of abundant sense transcripts of the de-silenced elements.
The value of
21. "Our data suggest that Cuff might be critical for the expression of precursor transcripts that will generate the sense piRNA population, while both Cuff and Rhi are similarly required for the expression of the antisense piRNA precursor transcripts." In light of my previous comments, I think that this is pure speculation Figure S4 .
22. "our data point to the presence of multiple promoters within the dual-strand clusters, which might generate discrete piRNA precursor transcripts encompassing the locus" Also this is highly speculative in the absence of more robust data. RNAseq profiles or PolII occupancy profiles would be very helpful (I am not asking for this here; but in the absence of this data type, I do think that the given speculation is unjustified) 23. "It is tempting to speculate that the de-regulation of the pGFP-ZenvAS reporter construct in cuff, rhi, vas and aub mutants might be due to the re-organization of heterochromatic regions caused by the down-regulation of certain piRNA clusters including those in the 3R-Het." Also this is highly speculative, even for a discussion.
We have deleted this sentence from the text.
We added an additional panel in the revised Fig.7 (Fig.8 in the 26. legend of figure S2 : "The number of nuclei for each class Ovaries expressing the EGFP-Cuff fusion protein were labeled with anti HP1antibodies."please check grammar/logic
We corrected this formatting error.
27. Figure S3 : what is the basis for ordering the clusters this way? why not stick to the numerical order?
In Supplementary Fig.3 , the impact of mutations in cuff on the piRNAs produced from the plus and minus strand of the piRNA clusters is reported. The different loci are clustered based on the similarity of the corresponding piRNA levels in the cuff mutant. We think that this arrangement might help the reader to identify clusters that display comparable changes in the cuff mutant.
In their revised version of the manuscript, the authors have addressed most of the concerns I previously raised. In particular, revised experiment for localization of Cuff was quite satisfactory. The co-localization of some Cuff foci with CID and Rhino, and mutual dependence of Cuff and Rhino to discrete foci in nucleus are now of high quality. Together with their improved analyses of deep sequencing, I think this is convincing enough for the nuclear function of Cuff in germline piRNA production. It is also good to see the added citations to the previous literature, which have been pointed out by the other reviewers, and the manuscript has been greatly improved. My only concern is co-IP showing potential interaction between Cuff and Rhi. As the author could not see the interaction by the reciprocal IP experiment, I further suggest examining it in S2 cells. After having the data or any convincing argument, I believe this manuscript would be appropriate for the publication in EMBO Journal.
We performed reciprocal IP experiments and Chromatin IP assays and they confirm the interaction between Cuff and Rhi. Please see response to reviewer 1, point 2, for details.
Minor points: 2) Pg.9, Cluster 1/42AB can be divided in regions A, B and C with A being closer to the centromere and C more distal (Klattenhoff et al, 2009 3) Pg.11, Ago-3 should be Ago3. We corrected this error.
4) Pg13
, which corresponds to the molecular weight of Rhi (Fig. 6D, lane 3) . which most likely represents an unspecific signal (Fig. 6D, lane 4) . The blots do not have any numbers for the lanes. We changed the Fig. 6 legend and the related paragraph (Page 13 and 14) to answer the reviewer's comment.
5) Pg. 14, in the first line, (ref) should be filled with an appropriate citation. We introduced the missing citation. I have received the final comments from the referee, at this point we need a couple of qualifying statements to be included, essentially there are two points:
1. the authors have nicely shown that cuff can be placed together with rhino in cluster BIOLOGY. whether this is cluster transcription or cluster transcript stabilization is unclear and therefore I would simply not stress that it has to be transcription that is affected. 2. the physical interaction: remains shaky; either one leaves it as is and states the fact that this is supported only by one experiment or one deletes the entire thing. it does not add anything really in my eyes unless better supported.
I would suggest that a couple of text changes are made to take into consideration these two point and once these are in I am happy to accept the manuscript for publication in The EMBO Journal. I believe it will make a good contribution to the journal.
Editor
The EMBO Journal Thank you for your positive remarks regarding our manuscript. We have taken the final comments of the reviewer into account and have revised the manuscript in the following way:
Point 1 of reviewer: . ..the authors have nicely shown that cuff can be placed together with rhino in cluster BIOLOGY. whether this is cluster transcription or cluster transcript stabilization is unclear and therefore I would simply not stress that it has to be transcription that is affected. I have read through your revised manuscript and response to the remaining concerns and find that you have satisfactorily addressed everything, I am happy to accept the manuscript for publication in The EMBO Journal. You will receive the official acceptance letter in the next day or so.
